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Abstract 

Background: Esophageal stricture (ES) and gastric outlet obstruction (GOO) can occurred in patients injured by the 
ingestion of corrosive agents. These complications may occur concurrently but has not been reported in the 
literature. The aims of this study are to assess the effects and complications of endoscopic-guided balloon dilations 
(EBD) in patients with corrosive-induced upper gastrointestinal strictures, either ES or GOO alone and simultaneous 
occurrences of both (ES + GOO). 

Methods: From July 2002 to December 2009, 36 patients with corrosive-induced upper gastrointestinal strictures in 
a tertiary hospital were recruited into this study. The patients were divided into three groups, ES group (n = 18), 
GOO (n = 7), and ES + GOO group (n = 1 1). All strictures were dilated under direct visualization by using through- 
the-scope balloon catheters to the end point of 15 mm. The end-point of treatment was successful ingestion of a 
solid or semisolid diet without additional dilation for more than 12 months. 

Results: These 36 patients included 15 males and 21 females with average age of 47 years ranging from 25 to 
79 years. The success rates for ES group is significantly better than GOO and ES + GOO group (83.3% vs. 57.1% vs. 
36.4% p = 0.035). Less complications were observed in ES group than in GOO and ES + GOO group (16.7% vs. 42.9% 
vs. 36.4%, p = 0.041 ). GOO group needed more sessions of dilations in order to achieve success dilations than ES 
and GOO groups (13.7 + 4.9 vs. 6.1 ±4.7 vs. 5.5 + 2.1, p = 0.011). 

Conclusions: Corrosive injuries complicated with ES can be effectively and safely treated by EBD. However, the 
success rates declined significantly in patients with GOO with or without ES and amore complications occurred. 
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Background 

The ingestion of corrosive agents can cause extensive 
damage to the gastrointestinal tract. This can lead to 
significant morbidity requiring prolonged and repeated 
hospitalization. In the acute stage, the damage may be so 
severe that perforation of the esophagus and the 
stomach as well as death can ensue [1]. Long-term com- 
plications of the gastrointestinal strictures, including 
esophageal stricture (ES) and gastric outlet obstruction 
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(GOO), may develop from weeks to years after ingestion 
of corrosive agents [2]. ES and GOO are considered dif- 
ferent entities, but in patients injured by the ingestion of 
corrosive agents, they may occur independently or they 
may occur concurrently in up to 20% [3]. Endoscopy can 
be used to assess the degree and extent of damage of 
gastrointestinal tract within the first 48 hours, and later 
it can also be used to treat strictures developing in the 
esophagus and stomach [4-6]. Previous studies have 
reported the successful use of the endoscopic balloon 
dilation (EBD) to treat corrosives-induced ES or GOO in 
isolation [6-9]. In contrast, the use of EBD to treat 
patients who have both ES and GOO has not been 
formally evaluated. Once they occur concurrently, 
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endoscopic treatment can be more complicated. The 
aims of this study are to assess the effects and complica- 
tions of endoscopic-guided balloon dilations (EBD) in 
patients with corrosive-induced upper gastrointestinal 
strictures, either ES or GOO alone and simultaneous oc- 
currences of both (ES + GOO). 

Methods 

From July 2002 to December 2009, patients with ES and 
GOO caused by corrosive injury in a university-affiliated 
tertiary care center were recruited into this study. These 
patients had received early upper gastrointestinal endos- 
copy (GIF-Q240; Olympus Optical Co., Ltd., Tokyo, 
Japan) within 48 hours of ingestion. Mucosal burns of 
the esophagus, stomach, and duodenum were graded 
following a method previously reported by Zargar et al.: 
grade 0, normal examination; grade I, edema and 
hyperemia of the mucosa; grade II, subdivided into grade 
Ha (friability, hemorrhages, erosions, blisters, whitish 
membranes, exudates and superficial ulcerations), grade 
lib (grade Ila plus deep discrete or circumferential ulcer- 
ation), and grade III, multiple ulcerations and areas of 
necrosis [10]. If the patients demonstrated symptoms of 
upper gastrointestinal stricture, including dysphagia or 
easy satiety with postprandial vomiting, endoscopy was 
performed at four week after corrosive injury to examine 
the upper gastrointestinal tract. EBD was performed 
subsequently to patients with ES and GOO who satisfied 
the selection criteria by using through-the-scope balloon 
dilators. If active ulceration was noted within narrowing 
segment, the dilation procedure would be postponed 
and reevaluated two weeks later. Other exclusion criteria 
were (1) patients who had not perform an early endos- 
copy within 48 hours of ingestion, (2) patients who 
demonstrated symptoms of stricture but no upper 
gastrointestinal stricture on endoscopic examination, 
and (3) patients who decided to receive surgical inter- 
vention but not EBD. The patients were then divided 
into three groups esophageal stricture alone (ES), gastric 
outlet obstruction alone (GOO) and combination of ES 
and GOO (ES + GOO). 

Endoscopic balloon dilation 

With informed consent of each patient, ES and GOO were 
dilated under direct visualization by using controlled ra- 
dial expansion (CRE) balloon catheter (Microvasive, 
Boston Scientific Corporation, Natick, MA, USA) but 
without guide wire and fluoroscopic guidance. Intramus- 
cular hyoscine butylbromide 20 mg as an antispasmodic 
agent and intramuscular meperidine hydrochloride 50 mg 
as an analgesic agent was given approximately 10 minutes 
before staring the procedure unless contraindicated. Be- 
fore dilation, the diameter of stricture was estimated by 
comparing with an open biopsy forceps. Then we selected 



a balloon catheter according to the diameter of stricture 
and negotiated the balloon catheter through the working 
channel of the endoscope across the stricture without 
fluoroscopic monitoring. The balloon was inflated with 
water to the recommended pressure for 60 seconds. In 
each session, the patient received three consecutive dila- 
tions with increment of dilation diameter not more than 
3 mm following the rule of three [11]. The stricture length 
of ES and GOO was measured from distal end to proximal 
end after dilation while withdrawing the endoscope. The 
patients were kept fasting for four hours after the proced- 
ure and proton pump inhibitors were prescribed to sup- 
press gastric acid. Inpatients received two sessions a week 
and outpatients one session a week. Serial dilations were 
performed by gradually increasing the balloon diameters 
up to a maximum of 15 mm until solid or semisolid food 
could be tolerated. If GOO were encountered after ES was 
dilated, subsequent EBD for GOO was performed. Under 
such circumstances, the dilations of ES and GOO were 
counted together in one session. If symptoms of stricture 
recurred, additional dilations were performed until symp- 
toms were relieved again. The treatment outcome was 
considered successful when patients were able to maintain 
a solid or semisolid diet without having to perform an 
additional dilation for the next 12 months. 

Clinical follow-up 

Patients were treated with antacids or proton pump in- 
hibitors for gastric acid suppression after each dilation 
session. Symptoms such as dysphagia and postprandial 
fullness sensation were recorded for each patient during 
the follow-up periods. Repeat dilations were performed 
for those patients with symptom relapse and proven to 
be stricture recurrences on clinical follow-up. 

Study definitions 

The treatment success was reached when patients could 
ingest solid or semisolid diet for more than 12 months 
without additional dilation needed. The presence of any 
untoward event after endoscopic treatment was consid- 
ered a complication such as gastrointestinal tract perfor- 
ation or bleeding with clinical signs of hematemesis, 
coffee-ground vomitus, hematochezia, or melena, or sig- 
nificant pain requiring hospitalization, was defined as 
major complications. This study was approved by both 
the Institutional Review Board and Ethics Committee of 
Chang Gung Memorial Hospital (98-2106B). 

Statistical analysis 

Continuous variables are given by mean and standard 
deviation. The continuous variables were analyzed by 
using the Mann-Whitney U test. Categorical variables 
were given in total and as percentages. They were ana- 
lyzed by using the Fisher's exact test. Two-sided P value 
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of < 0.05 was considered significant. All statistical opera- 
tions were performed using SPSS WIN version 15.0 
(SPSS Inc., Chicago, IL, USA). 

Results 

A total of 43 patients developed intake problems after 
ingestion of corrosives. Thirty-six patients were recrui- 
ted into this study after excluding patients who received 
surgical management (n = 4) and those without stricture 
on endoscopic examination (n = 3). Among these 36 pa- 
tients, there were 15 males and 21 females with average 
age of 47 years ranging from 25 to 79 years. The patients 
were divided into three groups, ES (n = 18), GOO (n = 7) 
and ES + GOO (n = ll) (Table 1). All strictures were 
dilated under direct visualization by using through-the- 
scope balloon catheters to the end point of 15 mm. 
There was no significant difference in age, gender and 
ingested substance (acid/ alkali) among these three 
groups. Grade III injury over stomach was more com- 
mon in those patients with GOO including GOO and 
ES + GOO group than those with ES alone (18/18, 100% 
vs. 8/18, 44.4%, P= 0.001). 

ES group 

Of the 18 patients with ES alone, 6 had orifices of stric- 
tures located in the upper third of the esophagus, 6 in 
the middle third, and 6 in the lower third. The mean 
length of stricture was 4.1 ± 1.5 cm (range 2 cm to 
7 cm). Fifteen patients (15/18, 83.3%) had persistent 
symptom relief (average follow-up 25.5 ± 10.6 months). 
These patients received a total of 92 sessions of dilations 
with an average of 6.1 ±4.7 sessions per patient over a 
median period of follow-up duration of 10 ± 15.9 weeks. 
Treatment failure was encountered in 3 patients (16.7%). 
One suffered from esophageal perforation after EBD and 
two opted out of dilation owing to refractory symptoms 
even after serial dilations (8 and 11 sessions). All of them 
underwent surgical treatment with success. 

GOO group 

Seven patients with GOO were found to have strictures 
located in the gastric antrum. The mean length of 
stricture was 2.5 ± 1.0 cm (range 1 cm to 4 cm). Four 



Table 1 Clinical parameters and early endoscopic findings 
of patients with varied corrosive gastrointestinal 
strictures 





ES 


GOO 


ES + GOO 






(n = 18) 


(n = 7) 


(n = 11) 


P value 


Age, mean + SD (years) 


44.5 ± 1 6.3 


52 ±16.9 


47.3 ± 12.2 


NS* 


Male/Female 


7/11 


3/4 


5/6 


NS* 


Acid/Alkali 


15/3 


7/0 


11/0 


NS* 


Percentage of grade III 


njury 








Esophagus (%) 


7 (38.9) 


3 (42.8) 


6(75) 


NS* 


Stomach (%) 


8 (444) 


7 (100) 


11 (100) 


0.001 


Duodenum (%)t 


3 (167) 


2 (33.3) 


1 (20) 


NS* 



*no significance among varied groups. 

toperators refrained from forcing the scope through the pylorus in 7 cases 
because of severe gastric damage. 

Abbreviations: NS no significance; ES esophageal stricture; GOO gastric outlet 
obstruction; ES + GOO concurrent esophageal stricture and gastric outlet 
obstruction; SD standard deviation. 



patients (4/7, 57.1%) were successfully dilated with per- 
sistent symptom relief. The average follow-up duration 
was 30 ± 15.8 months. These patients received a total of 
22 dilation sessions with an average of 5.5 ± 2.1 sessions 
per patient over a median follow-up period of 6.0 ± 
1.0 weeks. The other three patients suffered from EBD- 
induced perforations over channel of GOO (3/7, 42.9%). 
They were all treated with subtotal gastrectomy success- 
fully without further surgical complication and were safe 
and sound. 

ES + GOO group 

Of the eleven patients with ES + GOO, three had ori- 
fices of ES located at upper third section of the esopha- 
gus, four at the middle third, and four at the lower third. 
The orifices of GOO were all located over the antrum. 
The mean length of stricture was 3.6 ± 1.1 cm (range 
2 cm to 6 cm) for ES and 2.4 ± 0.8 cm (range 1 cm to 
4 cm) for GOO. Four patients (4/11, 36.4%) achieved 
treatment success with sustained symptom relief over an 
average follow-up period of 35 ± 27.2 months. These 4 
patients received a total of 55 dilation sessions with an 
average 13.8 ± 4.9 sessions per patient over a median 
follow-up period of 21.0 ±15.1 weeks. Seven of them 



Table 2 Comparisons of the outcomes of endoscopic balloon dilation in patients with varied corrosive gastrointestinal 
strictures 





ES 


GOO 


ES + GOO 






(n = 18) 


(n = 7) 


(n = 11) 


P value 


Achieving persistent symptom relief, No. 


1 5 (83.3%) 


4 (57.1%) 


4 (36.4%) 


0.035 


Major complication induced by EBD, No. 


1 (5.6%) 


3 (42.9%) 


4 (364%) 


0.041 


Sessions of dilation to achieve persistent symptom relief, mean + SD* 


6.1 ±4.7 


5.5 ±2.1 


13.7 ±4.9 


0.011 



* For patients with effective outcome. 

Abbreviations: ES esophageal stricture; GOO gastric outlet obstruction; £5 + GOO concurrent esophageal stricture and gastric outlet obstruction; 
SD standard deviation. 
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failed after ERB (7/11, 63.6%). Major complications oc- 
curred after EBD in four of them (4/11, 36.4%). Two of 
them suffered from perforations over channel of GOO 
and two with active bleeding. All of them received sub- 
total gastrectomy. The other 3 patients (3/11, 27.3%) 
opted out of dilations owing to refractory symptoms 
even after serial dilations (10, 12, 13 sessions). All 
of them underwent surgical treatment either received 
gastrojejunostomy and esophagectomy with colon inter- 
position without further surgical complications. 

As shown in Table 2, the success rates for ES group is 
significantly better than GOO and ES + GOO group 
(83.3% vs. 57.1% vs. 36.4% p = 0.035). Less complications 
were observed in ES group than in GOO and ES + GOO 
group (16.7% vs. 42.9% vs. 36.4%, p = 0.041). GOO group 
needed more sessions of dilations in order to achieve 
success dilations than ES and GOO groups (13.7 ± 4.9 
vs. 6.1 ± 4.7 vs. 5.5 ± 2.1, p = 0.011). 

The reasons of treatment failure were perforations 
(n = 6, 16.7%), ineffective dilations (n = 5, 13.9%) and 
active bleeding (n = 2, 5.6%). The overall incidence of 
major complications was 3.3% per dilation session 
(8/239), including 2.5% (6/239) with perforation and 
0.8% (2/239) with bleeding. 

Discussion 

Endoscopy should be avoided within 2 weeks after endo- 
scopic balloon dilation because of the high risk of per- 
foration [10]. However, there is no good evidence in the 
literature to suggest the best timing to perform endo- 
scopic balloon dilation. EBD can be performed effect- 
ively and safely from four to six weeks after corrosive 
injury and is the treatment of choice for most of these 
injuries [5,11-13]. In patients with ES, esophagectomy 
followed by reconstruction operation can be performed, 
but such invasive procedure is grueling for both the pa- 
tients and their surgeons. They should only be consid- 
ered in severe complications, when EBD fails or when 
patients are unable to tolerate EBD procedures. Unlike 
ES, surgical intervention for GOO which usually in- 
volves subtotal gastrectomy or bypass gastrojejunostomy, 
is not so arduous and can be performed with relatively 
few complications 0% to 10.7% [14,15]. Therefore, sur- 
gery had been used as a standard treatment of caustic- 
induced GOO [14-16]. Recently, Kochhar and colleagues 
suggested that EBD was also a safe and effective treat- 
ment option in patients with corrosive-induced GOO 
and reported that persistent symptom relief could be 
successfully achieved in 95.1% of their patients with a 
extremely low perforation rate (2.4%) [6]. However, the 
overall success rate including both GOO group and 
ES + GOO group in our study was only 44.4% (8/18). 
One reason for this discrepancy might be that four pa- 
tients (22.2%) could not tolerate this procedure and 
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Figure 1 The development of perforation in case of straight 

stricture (A) before and (B) after inflating balloon catheter. The 

perforation (arrow head) may occur at the narrowest site. 
^ > 

opted out of dilation. All of these four patients belonged 
to ES + GOO group. Since more dilation sessions were 
needed to treat patients with ES + GOO, these patients 
may have felt less inclined to continue the course of 
treatment. Another reason should be that patients with 




Figure 2 The development of perforation in case of angulated 
stricture (A) before and (B) after inflating balloon catheter. The 

perforation (arrow head) may occur at the angulated curve. 
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GOO in our study had more dilation-related major com- 
plication (7/18, 38.9%), which reduced their chances for 
successful outcomes. 

In our series, perforations were the major cause of 
treatment failure (6/13, 46.1%), including five in GOO 
and one in ES. These complications may occur when (1) 
inflating a balloon catheter within a straight stricture in- 
duces perforation caused by severe laceration on the 
narrowest area of the stricture during radial expansion 
(Figure 1) or (2) inflating a balloon catheter within an 
angulated stricture erects it forward and perforates the 
distal end of the angulations instead of curving at the 
corner (Figure 2). Lacerations of the narrowest areas of 
the stricture mainly occur when balloon diameters were 
overestimated. Experienced endoscopists chose the first 
balloon diameter based on the diameter of the stricture. 
Subsequent dilations are usually based on the "rule of 3," 
referring to no greater than 3 consecutive dilators in in- 
crements of 1 mm per session [17]. If the balloon diam- 
eter is chosen this way, lacerations of this kind could be 
avoided. This could explain the perforation which oc- 
curred to our patient in the ES group. However, when 
an angulated stricture is encountered, a soft deflated 
balloon catheter can negotiate the angle. But once the 
balloon is being inflated, the bent end may rise up and 
tear the distal end of the stricture, especially if the stric- 
ture is at a sharp-angle (Figure 2). When the angle is 
sharp, even a careful approach still can damage the wall. 
The caustic GOO is often located in a curved area such 
as the pylorus or duodenal bulb. The corrosive agents 
may have deformed the antrum making the stricture 
even more angulated. The increased angulations could 
be the reason for more perforations in the GOO group 
than in the ES group in current study. 

Conclusion 

In conclusion, Corrosive injuries complicated with ES can 
be effectively and safely treated by EBD. However, the suc- 
cess rates declined significantly in patients with GOO with 
or without ES and more complications occurred. More- 
over, patients with concomitant ES and GOO require 
more EBD sessions than patients with ES or GOO alone 
to achieve long-lasting relief of their symptoms. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

YCC (first author) carried out the analysis and interpretation of the data; 
drafting of the article. SKC, CML, LSL, MLH, WCT.and KWC participated in the 
critical revision of the article for important intellectual content. WT corrected 
the grammar deficiencies of this manuscript. KLW (corresponding author) 
conceived of the study and carried out the final approval of the article. All 
authors read and approved the final manuscript. 



Acknowledgements 

The authors wish to thank Ms. Mei-Chin Hsu for helping the statistic analysis 
of this study. 

Author details 

1 Division of Hepato-Gastroenterology, Department of Internal Medicine, 
Kaohsiung Chang Gung Memorial Hospital and Chang Gung University 
College of Medicine, 123 Ta Pei Road, Niao Sung District, 833, Kaohsiung, 
Taiwan. 2 Lyell McEwin and Royal Adelaide Hospitals, Adelaide, Australia. 

Received: 24 March 2013 Accepted: 17 May 2013 
Published: 10 June 2013 

References 

1. Kannengiesser K, Mahlke R, Ross M, Peters A, KucharzikT, Maaser C: Isolated 
jejunal stricture formation two years after corrosive ingestion: case 
report and review of literature. J Dig Dis 2011, 12:308-31 1. 

2. Ramasamy K, Gumaste W: Corrosive ingestion in adults. J Clin 
Gastroenterol 2003, 37:1 19-124. 

3. Ciftci AO, Senocak ME, Buyukpamukcu N, Hicsdnmez A: Gastric outlet 
obstruction due to corrosive ingestion: incidence and outcome. 
Pediatr Surg Int 1 999, 1 5:88-91 . 

4. Cheng HT, Cheng CL, Lin CH, Tang JH, Chu YY, Liu NJ, Chen PC: Caustic 
ingestion in adults: the role of endoscopic classification in predicting 
outcome. BMC Gastroenterol 2008, 8:31-37. 

5. Singhal S, Kar P: Management of acid- and alkali-induced esophageal 
strictures in 79 adults by endoscopic dilation: 8-years' experience in New 
Delhi. Dysphagia 2007, 22:130-134. 

6. Kochhar R, Dutta U, Sethy PK, Sethy PK, Singh G, Sinha SK, Nagi B, Wig JD, 
Singh K: Endoscopic balloon dilation in caustic-induced chronic gastric 
outlet obstruction. Gastrointest Enclose 2009, 69:800-805. 

7. Broor SL, Raju GS, Bose PP, Lahoti D, Ramesh GN, Kumar A, Sood GK: Long 
term results of endoscopic dilatation for corrosive oesophageal 
strictures. Gut 1993, 34:1498-1501. 

8. Lan LC, Wong KK, Lin SC, Sprigg A, Clarke S, Johnson PR, Tarn PK: 
Endoscopic balloon dilatation of esophageal strictures in infants and 
children: 17 years' experience and a literature review. J Pediatr Surg 2003, 
38:1712-1715. 

9. Solt J, Bajor J, Szabo M, Horvath OP: Long-term results of balloon catheter 
dilation for benign gastric outlet stenosis. Endoscopy 2003, 35:490-495. 

10. Zargar SA, Kochhar R, Metha S, Mehta SK: The role of fiberoptic endoscopy 
in the management of corrosive ingestion and modified endoscopic 
classification of burns. Gastrointest Endosc 1991, 37:165-169. 

1 1 . Standards of Practice Committee, Egan JV, Baron TH, Adler DG, Davila R, 
Faigel DO, Gan SL, Hirota WK, Leighton JA, Lichtenstein D, Qureshi WA, 
Rajan E, Shen B, Zuckerman MJ, VanGuilder T, Fanelli RD: Esophageal 
dilation. Gastrointest Endosc 2006, 63:755-760. 

12. Weintraub JL, Eubig J: Balloon catheter dilatation of benign esophageal 
strictures in children. J Vase Interv Radiol 2006, 17:831-835. 

13. Pereira-Lima JC, Ramires RP, Zamin I Jr, Cassal AP, Marroni CA, Mattos AA: 
Endoscopic dilation of benign esophageal strictures: report on 1043 
procedures. Am J Gastroenterol 1999, 94:1497-1501. 

14. Chaudhary A, Puri AS, Dhar P, Reddy P, Sachdev A, Lahoti D, Kumar N, Broor 
SL: Elective surgery for corrosive-induced gastric injury. World J Surg 1 996, 
20:703-706. 

15. Agarwal S, Sikora SS, Kumar A, Saxena R, Kapoor VK: Surgical management 
of corrosive strictures of stomach. Ind J Gastroenterol 2004, 23:178-180. 

16. Kochhar R, Kochhar S: Endoscopic balloon dilation for benign gastric 
outlet obstruction in adults. World J Gastrointest Endosc 2010, 2:29-35. 

1 7. Chiu YC, Hsu CC, Chiu KW, Chuah SK, Changchien CS, Wu KL, Chou YP: 
Factors influencing clinical applications of endoscopic balloon dilation 
for benign esophageal strictures. Endoscopy 2004, 36:595-600. 



doi:1 0.1 1 86/1 471 -230X-1 3-99 

Cite this article as: Chiu ef al:. The effects of endoscopic-guided balloon 
dilations in esophageal and gastric strictures caused by corrosive 
injuries. BMC Gastroenterology 201 3 13:99. 



